basis of this in vitro work, we have postulated that the preferential sensitivity of viral DNA synthesis to ara-A is related to the high therapeutic index noted in vivo.14 Another factor also may be involved in the low toxicity of the drug. Ara-A is degraded by adenosine deaminase to ara-H12 which is considerably less cytotoxic than ara-A.'12-6 Consequently, the deamination of ara-A in tissues susceptible to the action of the drug may be an additional mechanism responsible for the relatively low toxicity of ara-A observed in vivo. '17"8 This assumes, however, that once ara-A is metabolized to ara-H, cells can recover from the inhibitory effects. Inhibitors of adenosine deaminase recently have become available. '19-21 When combined with such an inhibitor, ara-A is considerably more cytotoxic than when given alone.13"18'22 '23 The implication is that in the absence of an inhibitor, cells do recover from the effects of ara-A as it is being deaminated to ara-H. We have tested this assumption directly by utilizing a Rous sarcoma virus-transformed line of embryonic rat cells (B-mix K-44/6)24 which is devoid of adenosine deaminase activity.25 '26 We have observed that the cell line will grow in medium supplemented either with calf serum-which contains adenosine deaminasei '6'27-29- ,uM concentrations of ara-A (Fig 3) . The effect of ara-A deamination on the rate of DNA synthesis wTas examined by pulse labeling cells grown in calf serum-or hoi-se serum-supplemented nmedium. Ara-A treatment of cells cultured in adenosine deaminase-containing medium resulted in an initially rapid decrease in the, incorporation rate of [3H1]Ihymidine. At 4 to 5 hours, a minimum rate w"as reached after which the incorporation rate recovered slightly and then remained relatively constant for 8 to 20 hours (Fig 4A) . In the presencc of 450 iiM ara-A, there was no recovery in the rate of incorporation. When the experiment was repeated using medium devoid of adenosine deaminase, the rate declined during nearly all the time periods examined without any recovery to a constant rate of labeled thymidine incorporation (Fig 4B) .
In order to learn whether the ara-A-induced decrease in incorporation of labeled thymidine actually represented decreased DNA synthesis or merely reflected a decreased labeling of DNA precursors, the effect of ara-A on the labeling of thymidine nucleotides was examined. Acid (Fig 6) . Discussion We began the present work as background for studies on the mode of action of ara-A. When it became evident that the B-mix K- 44/6 cell line was devoid of adenosine deaminase activity, the study was expanded to permit a direct comparison of the antiproliferative effects of the nucleoside under conditions where ara-A was, and was not, converted to ara-H.
Cells grown in medium with adenosine deaminase activity were inhibited initially but escaped inhibition within 5 to 20 hours depending on drug concentration (Fig iB) . In separate experiments (Fig 2) , it was observed that the growth-inhibitory effects of ara-A also could be relieved by removing the drug-containing culture medium. Following removal of 600 1IM ara-A, growth resumed within 10 to 15 hours. This is approximately the amount of time that would be needed for the cells to degrade intracellular arabinosyl nucleotides and to complete the S and G2 phases of the cell cycle. Doering et al. 16 hibitor and no resumption of cell growth occurred.
In mammalian cells, a lack of adenosine deaminase or its inhibition greatly increases the cytotoxicity of ara-A. In the present work, cellular growvth was strongly inhibited by 37 uMAI ara-A and completely blocked by a 150 ,uM concentration when cells were propagated in an adenosine deaminase-free environment ( Fig  1A) . Recent cloning efficiency experiments by Plunkett and Cohen22 and by Cass and AuYeung23 a]so clearly established that exposure of cells to ara-A plus an adenosine deaminase inhibitor for periods greater than the population doubling time lead to nearly complete loss of cell viability. . Selected concentrations of ara-A were added to identical early log phase monolayer cultures 22 hours after planting. At the times indicated labeled thymidine (1 .,Ci/ml, 15 Ci/mmole panel A; 2 ,Ci/ml, 45 Ci/mmole panel B) was added 0.5 hour before duplicate flasks were harvested.
ing medium was approximately one-half that observed in cells cultured in the deaminase-free medium, Ziz. 10 1M was required to obtain 50% inhibition when measured 4 to 5 hours after drug addition (Fig 5) . However, these observations were made at time points < 1/3 the biological half-life of ara-A in the medium. The activity of ara-A at times twice as long as the biological half-life, best measured by pulse exposures to labeled thymidine (Fig 4) , revealed a considerably more potent inhibitory effect for the drug in adenosine deaminase-free medium. For example, in medium which deaminated the drug, inhibition of DNA synthesis 20 hours after drug addition was 78% and 96% at ara-A concentrations of 37 and 150 uM, respectively. In deaminase-free medium, inhibitions of 94% and 99.6% were noted at the same time period. In addition, the recovery in the rate of DNA synthesis noted in cells grown in the deaminase-containing medium was almost abolished in cells grown in deaminase-free me- (Fig 4) . In unpublished experiments, we have observed a more nearly complete recovery in the rate of DNA synthesis following exposure of KB cells (an established line of human epidermoid carcinoma cells) to ara-A for 6 to 12 hours. Ara-A has a half-life of 1 to 2 hours in monolayer cultures of KB cells; thus the more complete recovery in the rate of DNA synthesis may be related to the more rapid inactivation of the drug. LePage,'7 working with mice bearing Ehrlich ascites carcinoma and Cass and Au-Yeung,23 using L1210 cells in vitro also observed a marked inhibition of cellular DNA synthesis 15 to 30 minutes after administration of ara-A. Subsequently, DNA synthesis recovered and surpassed control values by 12 to 24 hours after dosing. No recovery was observed when the adenosine deaminase inhibitor covidarabine was added.23 Recovery of DNA synthesis following inhibition by ara-C also has been reported.38 '39 The activity of ara-A against DNA synthesis in B-mix K-44/6 cells cultured in adenosine deaminase-containing medium is approximately the same as that noted ill vitro by other investigators. For example, Grindey and Nichol40 found that a 13 to 31 ,uM concentration of ara-A was required for a 50% inhibition. Doering et al. 16 reported that a 200 ,uM concentration almost totally inhibited DNA synthesis. Less potent effects of ara-A have been reported by Brink and LePage4' who observed approximately 80% inhibition of DNA synthesis at 750 ,uM ara-A and by Hughes and Kimball42 who noted an approximate 70% reduction with 1 mM ara-A. The lower activitv in the latter two studies might have arisen through the use of much heavier cell suspensions (3.5 X ]07 cells/ml) than used in our studies (1-2 X 106 cells/25 sq cm bottle) and the resultant exposure of ara-A to high levels of adenosine deaminase. In previous work with KB cells,13 which degrade ara-A with a shorter half-life ( 1 to 2 hours) than in the present study, we found that 67 ,iM ara-A was needed to inhibit cellular DNA synthesis by 50% when adenosine deaminase was not inhibited and 8
,uM when it was inhibited by coformycin. The latter figure agrees well with the 5 ,uM concentration required in the current study using adenosine deaminase-free cultures. The lower potency of ara-A reported in our earlier work with B-mix cells (80% inhibition at 500 ,uM ara-A) 43 probably was observed because labeled thymidine incorporation was measured after a 22-hour exposure to the drug thereby permitting significant conversion to ara-H and consequent recovery in DNA synthesis. However, Although differences between Bennett's observations and ours might arise from the use of different cell lines or from different times of exposure to labeled thymidine (9 hours versus 30 minutes in this study), we have no data which reconcile the dissimilarities.
Little or no effect of ara-A has been observed on RNA synthesis in E coli,37 ascites tumor cells,'5'41 L cells16 and HEp-2 cells. 44 The lack of effect of . 150 ,uM ara-A on RNA synthesis in our studies is consistent with these observations. Inhibition of RNA synthesis was observed at 600 ,AM ara-A but this concentration was sufficient to cause cell death (Fig 1B) . 
